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Exhi bit R 2, RDT&E Budget Item Justification Dat e:
June 2001
JAPPROPRI ATI ON/ BUDGET ACTI VI TY R-1 | TEM NOVENCLATURE
RESEARCH, DEVELOPMENT, TEST & EVALUATI ON, JO NT ROBOTI CS PROGRAM PE 0603709D8Z
DEFENSE- W DE, BUDGET ACTIVITY 4
COST ($ in MIlions) FY 2000 FY 2001 FY 2002 Cost to Total Cost
Conpl et e
Total PE Cost 17. 448 13. 667 11. 302 CONTI NUI NG CONTI NUI NG
JAUGS 0. 200 0. 600 0. 800 CONTI NUI NG CONTI NUI NG
BUGS 0. 700 0. 900 0. 900 CONTI NUI NG CONTI NUI NG
FTUV 1.510 3.167 0. 000 CONTI NUI NG CONTI NUI NG
GLADI ATOR 0. 000 0. 000 1. 000
MPRS 0. 000 0. 000 1.402
Technol ogy Base 8. 038 0. 000 0. 000 N A CONTI NUI NG
Mobi l ity Enhancenents 3. 000 5. 200 3. 000 CONTI NUI NG CONTI NUI NG
RACS 4. 000 3. 800 4. 200 CONTI NUI NG CONTI NUI NG

A. Mssion Description and Budget Item Justification. This programis a budget activity |level 4 based on
t he denonstration/validation activities ongoing within the program This PE was established in response to
Congr essi onal gui dance to consolidate DoD robotic prograns on unmanned ground systens and rel ated robotic
technol ogies in order to increase focus of the Services’ robotic prograns on operational requirenments. The
programwi || denonstrate maturity of robotics technologies for their application to the formal acquisition
process of |and systens and subsystens. Enphasis is on the devel opnent of robotic technologies that: are
anenable to nulti-service applications; provide capability in high hazard environnments; provide inproved
battlefield efficiency using supervised autononous operational capability; reduce or enhance force manpower
and support; and are affordable. This PE consolidates the DoD robotics program for Unmanned G ound Vehicl es
(UGV) into two activities: (1) advancenent of UGV concepts into Advanced Devel opnent (AD) acqui Sition
prograns and (2) the enhancenent and exploitation of critical robotic technologies for today's and future
UGV acqui sition requirenents. Categories under this PE are: (1) the Basic Unexpl oded Ordnance System (BUGS)
- a Joint Service EOD effort to locate and di spose of surface UXGO (2) the Robotics for Agile Conbat Support
(RACS) - a USAF effort to devel op a robotic/autononmous vehicle capability for Force Protection and Active
Range O earance (ARC). RACS platforns include the follow ng: All-purpose Renote Transport System (ARTS)
Subsurface Ordnance Characterization System (SOCS), and Automated Ordnance Excavator (ACE). This technol ogy
can also be applied to formerly used defense sites for cleanup/disposal. (3) The Mbility Enhancenents
programis a research and devel opnent program ainmed at inproving the nobility of small, man portable
unmanned vehicle systens in support of military police mssions. (4) The Fam |y of Tactical Unmanned
Vehicles (FTW) is a joint Arny/Marine Corps effort to provide commanders a fam ly of reconnai ssance,
surveillance and target acquisition UGV s that are properly sized to operate in a variety of tactica
situations. Requirenents are energing for small and medi um unmanned systens that inprove warfighters’
situational awareness in scout, nechanized and infantry operations in urban terrain. (5) Man Portable
Robotic Systens (MPRS) — is an effort to develop smaller (10-40 Ib. Cass) UG/s as part of the FTUV program
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(6) The Joint Architecture for Unmanned Gound Systens (JAUGS) is an approach to standardi zing protocols,
and software conponent interfaces of all anticipated DoD unmanned systens. (7) dadiator is an effort to
develop a light (< 1000 | bs) unmanned systemfor the USMC to conduct surveillance, reconnai ssance and ot her
sel ected mi ssions.

(U FY 2000 Acconplishnents
JO NT ARCHI TECTURE FOR UNVANNED GRCUND SYSTEMS (JAUGS) DEVELOPMENT (0.200 million)

Conti nued to update JAUGS based on technol ogy inprovenents, Joint Technical Architecture (JTA)
st andards established by DoD, and m ssion requirenents.

Coordi nated JAUGS activities closely with 4D RCS and Deno |11 devel opnent efforts.

Conti nued val i dation process on the JAUGS.

Updat ed and i nproved docunentation that described the UGY domain and set performance specifications.
I ncorporated JAUGS into Standardi zed Robotic System (SRS) contract (Previously Vehicle Tel eoperation
(VD).

Conduct ed configurati on managenent functions and activities.

BASI C UXO GATHERI NG SYSTEM (BUGS) (0.700 million)

| mpl enent ed cooperative behaviors, tested and denonstrated five vehicle systens for the random search
system

Conpleted initial design, test and denonstrated five-vehicle systens for the directed-search system

U) FY 2001 Pl ans
JO NT ARCHI TECTURE FOR UNMANNED GROUND SYSTEMS (JAUGS) DEVELOPMENT (0.600 million)

Evol ve, refine, and update to achi eve greater autononous nobility, weapons, recon and mani pul ation.
Inputs will be received primarily fromuser appraisals, fielded systens feedback, and industry/Tech
Base devel opnent efforts.

| mpl enent JAUGS t hr oughout the Joint Robotics Program
Pl ace JAUGS under configuration control.

BASI C UXO GATHERI NG SYSTEM (BUGS) (0.900 million)
Conti nue devel opnent of ten-vehicle test systens.
Conduct test and experinments in user-devel oped scenari os.
Collect data for input to Analysis of Alternatives study.
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(U FY 2002 Pl ans

JO NT ARCHI TECTURE FOR UNVANNED GROUND SYSTEMS (JAUGS) DEVELCPMENT (0.800 million)

Evol ve, refine, and update to achi eve greater autononous capability.
primarily fromuser appraisals, fielded systens feedback,

Conti nue configuration managenment and control.

BASI C UXO GATHERI NG SYSTEM (BUGS) (0.900 million)

Conpl ete testing and eval uati on of prototype systens.

Initiate formal Analysis of Alternatives study.

B. Program Change Sunmmary ($ million)

FY2000 FY2001

Previ ous President’s Budget Submt 12. 937 10. 294
Appropriated Val ue 17.937 13.974
Adj ustments to Appropriated Val ue
a. Congressionally Directed

Appropriation Reduction
b. Congressionally Directed

Undi st ri but ed Reducti on (0.096)
c. OSD Directed

Program Reduct i on/ I ncr ease (0.489) (0.211)
Current Budget Submt/President's Budget 17. 448 13. 667

Change Sunmary Expl anati on:
Fundi ng: N A

Schedul e: N A
Technical: NA

C. Qher Program Fundi ng Sunmary

D. Acquisition Strategy

FY2002
11. 238

0. 064
11. 302

Inputs will be received
and i ndustry/ Tech Base devel opnent efforts.

Tot al
Cost
Cont

Cont
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E. Schedule Profile

Fi scal Year actual and pl anned events:

FY2000

Acqui sition M estones

Engi neeri ng M| estones
T&E M | est ones

Contract M| est ones

FY2001

FY2002
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JAPPROPRI ATI ON/ BUDGET ACTI VI TY

RDT&E, DEFENSE

W DE

BUDCGET ACTIVITY 4

PROGRAM ELEMENT PROJECT NAME AND NUMBER

PE 0603709D8Z Fam |y of Tactical Unnmanned Vehicles (FTUV)

Cost ($ in MIIlions) FY 2000 | FY 2001 FY 2002 Cost to Conplete| Total Cost
FTUV 1.510 | 3.167 0. 000 CONT CONT
GLADI ATOR 0. 000 | 0.000 1. 000 CONT CONT
MPRS 0. 000 [ 0.000 1.402 CONT CONT
RDT&E Articles Qvy

A. Mssion Description and Budget Item Justification. FTUW is a joint Army/Marine Corps effort to provide

commanders a fam |y of

r econnai ssance,

surveillance and target acquisition UGV s that are properly

Ssized to operate in a variety of tactical situation. There are enmerging requirenents to provide snmall,
man portabl e unmanned vehicle systens to support the missions of light mlitary and speci al operations
forces. The program neets nmission needs in the areas of reconnai ssance for Mlitary Qperations in

Urban Terrain (MOUT).

The success and | essons | earned fromFTUV has led to the decision to create two separate programlines.

Multiple user tests with prototype systens such as SARGE and URBOT,

have defined requirenents.

Det achnments as a near
@ adi ator has evolved fromthe FTUV programefforts to neet

term sol uti on.

conducted by sol diers and Mari nes
The MATILDA, a prototype system is being procured by Cvil Support

The two new prograns bei ng devel oped are @ adi ator and MPRS.
USMC requirenents for an unmanned system

t hat can conduct scout and surveillance m ssions in support of disnounted infantry in a shore to

The Man Portabl e Robotic System (MPRS) will neet the joint requirenents
man portable robot to conduct sewer and tunnel reconnai ssance for US Arnmy engi neers and to
perform reconnai ssance and surveillance for Arny and USMC di snmounted infantry forces in a MOUT

obj ecti ve maneuver

for a small

envi ronnent .

m ssi on.

(U) FY 2000 Acconplishnents

Provi ded SARGE Vehicles to Marine Corps in support of Limted Objective Experinent (LOE) VI
29 Pal ns, California.

ot ai ned 4 URBOTS for Joint Conbi ned Forces Advanced Warfighting Experinment (JCF AVWE) Sewer
Tunnel Reconnai ssance to be conducted at Ft. Drum NY and Ft. Polk, LA Participated in the JCF AVE

at Ft. Drum NY and Ft.
Provi ded Urban Warri or

Pol k, LA.
Mesa Associ ates’ Tactical Integrated Light-Force Deploynment Assenbly

at

and

(MATILDA) platforns to the 15, 4" 5'" and 7" G vil Support Detachments Weapons of Mass Destruction
(CSD- WD) for eval uation.

Provi ded support to the 5'" CSD-W/D Comi skey Park exerci se.
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(U) FY 2001 Pl ans

users.
Requi renents Docunment for U.S. Arny Engineer School and/or U S. Arny Infantry Center.

MPRS pr ogram
Devel op Acquisition Docunmentation for U S. Marine Corps “d adi ator” program
Conduct baseline testing of URBOT robotic platforns.

(U) FY 2002 Pl ans
Award CTD/ System design contract for { adiator.
Conpl ete AoA for d adi ator.
Conduct USMC user experinmentation for d adiator.
Conduct user experinmentation with MPRS for the US Arnmy and USMC.
Initiate MPRS AoA.
Support CST-WWD prototype fielding of MATILDA for urgent and conpelling reasons.
Devel op joint experinentation for marsupial systens with Arny and Air Force.
Anticipate M5 B decision for @ adiator in 3QFY03.

B. O her Program Fundi ng Sumary
C. Acqui sition Strategy
D. Schedul e Profile
Fi scal Year actual and pl anned events:

FY2000 FY2001 FY2002
Acqui sition M| estones

Engi neeri ng M| estones
T&E M | est ones

Contract M| est ones

Conduct Concept Experinentation Program (CEP) at Ft. Leonard Wod, MO, for Mlitary Police (M)
(ot ai n addi tional FTUV robotic platforns for user appraisal and devel opnent of Operati onal

Perform anal ysis of information received from CSD-WD and FAST for input into ORD requirenents for
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16 km hr at ni ght
Arny Arnmor Schoo

Arny for funding,

al gorithms for

ef fectively.

by 4Q FY 2001.
for a robotic scout systemand a robotic |eader-foll ower system
these systens are applicable to a wide array of Arny progranms. This programw |l be transferred to the
A breakout of the three major thrusts follow

begi nning in FY 2001

| ocal

Concerted Technol ogy Devel opnent:

Propul si on Laboratory (JPL),
wor ki ng groups to address six technol ogy areas deened critica
primary focus of the effort
pl anni ng and aut ononous behavi ors;
smal I, highly capable control

wi th the technol ogy devel opnment
estimate the operationa
configurations,

Deno 111

The t echnol ogy devel opnent conmunity,
government | aboratories such as National Institute for Standards and Technol ogy (N ST), the

Exhi bit R-2a, RDT&E Project Justification Dat e:
June 2001
[APPROPRI ATI ON/ BUDGET ACTI VI TY PROGRAM ELEMENT PROJECT NAME AND NUMBER
RDT&E, DEFENSE W DE, PE 0603709D8Z TECHNOLOGY BASE
BUDCGET ACTIVITY 4
COST ($ in MITions) FY 2000 | FY 2001 | FY 2002 Cost to Total Cost
Conpl et e
TECHNOLOGY BASE 8.038 | 0.000 0. 000
A. M ssion Description and Budget Item Justification. The Deno |11 Experinental Unmanned Vehicle (XWV)

Programis designed to advance and denonstrate the technol ogy required to devel op future unnmanned ground

conbat vehicles through three major thrusts: (1) concerted technol ogy devel opnment; (2) nodeling,
si mul ati on and experinmentation; and (3) technol ogy integration and evaluation with users. Denpo Il
focuses on denonstration of technology that will enable the devel opment of small, highly agile, unmanned
vehi cl es capabl e of off-road, semni -autononous operation at speeds of up to 32 knmi hr during daylight and

supports devel opnent of two enmerging requirenments at the U S

Technol ogi es for

drawn primarily from

Jet

and the Arnmy Research Lab (ARL), has organized itself into a series of

to the success of the program The

has centered on the devel opnment of perception for autononous nobility;

and devel opi ng Tacti cs,

will be required to support the second generation Tactical

currently schedul ed for FY 2002.

pr ogr am
ef fecti veness of differing technol ogi ca

Model i ng, Sinulation and Experinentation: A nodeling, simulation and experinentation effort
by the Mbunted Battl espace Battle Lab (MBBL), with assistance from ARL, has been running in
The program has the twin goals of utilizing simulations to
sol uti ons and hardwar e/ sof t ware

an intelligent software architecture; and a
interface that can be integrated into standard di splay units.

conduct ed
par al | el

Techni ques and Procedures required to enploy this technol ogy
An inportant outcone of this effort will be the technical support package (TSP) t hat

Technol ogy Integration and Evaluation with Users: This final conponent of the programwl I
technol ogy onto a testbed vehicle and denonstrate autononous nobility required to conduct the

Unmanned Vehicle (TUV) user appraisa

i ntegrate
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mlitary scout m ssion under tactical conditions. Unlike the other programelenents, this program
el ement was designed to be conducted by an industrial contractor chosen through a conpetitive
procurenent process that is being managed by the U S. Arny Tank—aut onotive/ Armanment Conmand’ s

Resear ch, Devel oprment, and Engi neering Center (TARDEC). In January 1998 TARDEC awarded a contract to
a contractor teamled by the former Robotic Systens Technol ogy (RST) now General Dynam c Robotic
Systens (CGDRS), teaming with Science Applications International Corporation (SAIC) Center for
Intelligent Systenms (CI'S) and Sarnoff Corporation.

(U) FY 2000 Acconplishnents
Conducted quarterly In-Progress Reviews with the nenbers of the Integrated Product Teans in Decenber
1999 and April and August 2000.
Conti nued devel opnent of tactical behavior nodels in MODSAF.
Conti nued devel opnent of baseline autononous tactical behaviors for application to the scout ni ssion.
Conduct ed data col |l ection/engineering evaluation activities in preparation for a Battle Lab
War fighting Experinent scheduled for 1st quarter, FYOL.
Devel oped a high perfornmance Ladar and transferred it to the MDARS-E Program whi ch exceeded all
expectations in its capability to detect negative obstacles.
Devel oped the technol ogy that was incorporated into two highly nmobile robotic platforms which were
built for the Unmanned G ound Vehicl e/ Systenms Joint Program Ofice (UGV S JPO) .
Devel oped an Operator Control Unit and transferred this technology to the UGV S JPO for incorporation
on the Panther Program This technology will serve as the primary soldier-robot interface as this
program noves toward nore sem -aut ononous operations.

(U FY 2001 Pl ans:
US Arny will assume funding responsibility in FY 2001

(U FY 2002 Pl ans:
US Arny continues funding responsibility in FY 2002

B. O her Program Fundi ng Summary

C. Acquisition Strategy
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D. Schedule Profile
Fi scal Year actual and pl anned events:

FY2000 FY2001 FY2002

Acqui sition M I estones
Engi neeri ng M| estones
T&E M | est ones

Contract M| est ones
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[APPROPRI ATI ON/ BUDGET ACTI VI TY PROGRAM ELEMENT PROJECT NAME AND NUMBER
RDT&E, DEFENSE W DE, PE 0603709D8Z Mobi I ity Enhancenents
BUDCGET ACTIVITY 4
Cost ($ in MIIlions) FY 2000 | FY 2001 FY 2002 Cost to Conplete| Total Cost

Mobi lity Enhancenents | 3.000 | 5.200 3. 000 CONT CONT
RDT&E Articles Qvy

A. Mssion Description and Budget Item Justification. The Mbility Enhancenments programis a research and
devel opnent program ained at inproving the nobility of small, man portabl e unnmanned vehicle systens in
support of urban warfare, engineering, physical security/force protection nissions.

(U) FY 2000 Acconplishnents
Desi gned an Omi -Directional Inspection System (ODI'S) to survey the underside of suspect vehicles.
Coordinated with the National Institute of Justice to develop small surveillance vehicles for sensor
depl oyment. Systens will be designed to detect weapons of nass destruction—applicable to both the
mlitary needs as well as civilian first responders.
Devel oped concept for Systens Integration Laboratory (SIL) and Extrenme Environnents Test Facility
(EETF) to evaluate nobility of UGVs.

(U) FY 2001 Pl ans
Provi de user conmmunity with prototype OD S vehicle.
Participate in MP denonstration with ODIS to further refine design.
Desi gn and begi n devel opnment of SIL.
Desi gn and begi n devel opment of EETF.

(U) FY 2002 Pl ans
Participate in Mlitary Police Concept Experimentation Program
Conduct baseline testing of ODI'S prototype vehicles.
Conpl ete SIL devel opnent.
Conpl et e EETF devel opment.
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B. O her Program Fundi ng Sunmary
C. Acquisition Strategy
D. Schedule Profile
Fi scal Year actual and pl anned events:

FY2000 FY2001
Acqui sition M I estones

Engi neeri ng M| estones
T&E M | est ones

Contract M| est ones

FY2002
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IAPPROPRI ATI ON/ BUDGET ACTI VI TY PROGRAM ELEMENT PROJECT NAME AND NUMBER
RDT&E, DEFENSE W DE, PE 0603709D8Z ROBOTI CS FOR AGQ LE COVBAT SUPPORT ( RACS)
BUDGET ACTIVITY 4
Cost ($ in MIIlions) FY 2000 | FY 2001 FY 2002 Cost to Conplete| Total Cost
RACS 4.000 | 3.800 4. 200 CONT CONT

A. M ssion Description and Budget Item Justification. The Robotics for Agile Conbat Support (RACS)

cur
sur

rently addresses [1] needs and requirenents for renotely detecting, identifying, and safely clearing
face and buried Unexpl oded Ordnance (UXO) and [2] urgent and conpelling requirenents from Air Conbat

Command (ACC) for a renote platformcapable of enploying a variety of techniques to diagnose and render

saf
Ar
for

(Y)

e large vehicle bonbs (LVBs) and inprovi sed expl osive devices (IEDs), and [3] needs outlined in the
Force Agile Conbat Support (ACS) Mssion Area Plan (MAP) in support of infrastructure support and
ce protection. Requirenents Docunmentation is as foll ows:

Agi | e Conbat Support (ACS) M ssion Area Plan for FYO1.

M ssion Need Statenent for Active Range C earance [ MNS CAF 306- 98] M ssion Need Statenment for
Enhanced Force Protection Capabilities [ MNS CAF 314-97].

M ssion Need Statenent for Explosive Ordnance Di sposal Capabilities [ MNS CAF(USN) 001-97].

M ssion Need Statenent for Autononous Firefighting Capabilities [MNS CAF 311-90].

Operational Requirenments Docunment for All-Purpose Renmpte Transport System [ ORD CAF(USN) 014-93
[/11-A].

FY 2000 Acconplishnents

Devel oped and applied Unexpl oded Ordnance (UXO disposal technol ogies in support of Active Range
Cl earance (ARC) and Wartine Depl oynment Support.

- Provided technical support and consulting to AACCWMD in support of source selection of All-
Pur pose Renote Transport System (ARTS). Contract for |arge scal e procurenent of JRP devel oped
ARTS system conpl et ed:
o Competitive bidding and econony of scale resulted in a 25% reduction in the procurenment cost
of the ARTS and associ ated attachnents.
o Total of 37 systens purchased (19 currently fielded world-wide, 18 to be fielded over next two
years) .

-  Compl eted navi gation, comruni cation, and control upgrade (including nodification of hardware and
sof tware conponents) of Advanced Automated O dnance Excavator (ACE).
o Conducted series of explosive range tests to validate survivability of robotic platformduring
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“in the bucket” detonations of unexpl oded ordnance.
o Drafted technology transition plan to outline ACE application in range cl earance concepts of
operation.

- Continued devel opnent of a Laser Ordnance Neutralization System (LONS) to utilize a directed

energy technol ogy integrated on an unmanned platformto “burn” unexpl oded ordnance (UXO and

i mprovi sed expl osi ve devi ces (I EDs).

0o Conducted joint design effort with AFRL/DE (Directed Energy Directorate) at Kirtland AFB to
optim ze cost, performance, and sustainability |aser system

o Established joint testing effort with NAVEODTECDI V (Det 63) and O fice of Special Technol ogy
to validate the performance of |aser system against required targets.

0 Developed prelimnary design paraneters for the integration of |aser systemto an unmanned
pl at f or m

- Compl eted the design, devel opnment and integration of dual arm force feedback, nultiple degree of
freedom mani pul ation system (ARVS |1) with a unmanned robotic platform (ARTS)
o Delivered research and devel opnent prototype to 96'" CEG CED (EOQD unit) at Eglin AFB for use in
t he detection, recovery, disassenbly, disablenent, and disposal of test munitions.

0o Conducted operational use of ARMS | in six real-world operations at Eglin AFB resulting in
significant performance successes (75% cost reduction, reduced recovery tine by 50%
o Denonstrated anti-terrorismapplication of ARMSG I in disablenment of Inprovised Expl osive

Devi ces (I EDs).

- Provided Headquarters, Air Education and Trai ning Command (HQ AETC) with several potentia
techni cal design solutions (utilizing existing and/or future robotics technol ogy) for unique Luke
AFB range residue certification and renoval problem

-  Compl eted nodul ar, snap-on/snap-off integration of Arny designed mni-flail onto an Air Force
design robotic platform (ARTS)
o Denonstrated nmulti-service application of both the ARTS platformand flail nodification
o Denonstrated a 75% reduction in research and devel opnent costs as a result of using shared,
previously proven technol ogies fromnultiple services

Conduct ed expl osive characterization and devel opnent of effective anti-terrorismtools and
techni ques to reduce Wapons of Mass Destruction (WD) threats.

- Compl eted design of initial unmanned depl oynent system for innovative explosively driven water
charge systemfor anti-terrorism n ssions.
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o Denonstrated rapid response prototype systemto Technical Support Wirking G oup (TSWG
customers including mlitary and federal agencies.
o Initiated followon effort with TSWs to characterize and optim ze system

- Compl eted the design, devel opnent, validation, and testing of an advanced robotic anti-terrorism
response system
0 Leveraged JRP research efforts with federal |aw enforcenment funding to facilitate cost
ef fective desi gn approach.
o Delivered prototype systemto federal |aw enforcement for use in real-world force protection
m ssi ons.

Devel oped and applied advanced robotic technol ogies for integration onto existing and future
unmanned systens pl atforns.

- Conducted advanced robotics testing and validation on optimzed Advanced Mbility Research and

Devel opnent System ( AMRADS) .

o Designed, devel oped, and denonstrated advanced pl atform (AMRADS) utilizing el ectronic engine
control .

o0 Completed integration and denonstrati on of previous sem -aut ononmous nobility nodul es and
al gorithnms from Subsurface Ordnance C earance System ( SCCS) .

0 Devel oped and denonstrated i nproved navigati on system usi ng academ a devel oped G ound
Penetrating Radar (GPR) and inertial navigation unit. Denonstrated prelimnary capabilities in
AMRADS vehicle control frommultiple Operator Control Units (OCUs).

- Provided extensive support and conducted validation efforts in conjunction with the JRP' s
initiative to develop a Joint Architecture for Unmanned G ound Systens (JAUGS).
o Denmonstrated multiple vehicle control (ARTS, MJLE, AMRADS) from a single Qperator Control Unit
(OCU) using JAUGS conpliant commands.
0o Conducted advanced technol ogy denonstration with industry and acaden a denonstrati ng JAUGS
application at JAUGS wor ki ng group.

- Compl eted phase one investigation of secondary control source, in response to critical
operational needs for alternate robotic control nethods.
0 Cooperated with UGV/ S JPO to denonstrate use of Arny devel oped fiber optic as control source
for the ARTS saving over $500K
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- Compl eted phase one investigation of |arge vehicle, high speed robotics system desi gned and

i ntegrated an advanced robotics package onto a P-19 Fire and Crash Rescue Platformin response to

AF needs for unmanned platforns for hazardous fire/crash response and chenbi o decont am nati on.

o Denonstrated P-19 robotics systemoperating a high speed (30-40 nph) operated via joystick
control .

o0 Devel oped advanced feedback and software control algorithnms to address platformstability
(turning speeds, roll-over protection, braking) at high speeds.

o Denonstrated use of existing Operator Control Unit (OCU) to operate P-19 robotic systemvia
t el eoperati on.

(U FY 2001 Pl ans

Research and devel op robotics systens to support of Agile Conbat Support /Force Protection m ssions
(i.e. UXO Di sposal, WWD Threat Reduction, Structural Protection, Physical Security).

- Advanced Mbility Research and Devel opnent System ( AMRADS)

- All-Purpose Renote Transport System (ARTS)

- Next Ceneration EOD Robotic System

Devel op and apply advanced robotic technol ogies for integration onto existing and future unmanned
system platforns in support of Agile Conbat Support /Force Protection mssions (i.e. UXO Disposal,
WWD Threat Reduction, Structural Protection, Physical Security, mobility).
- (MOBILITY) Exam ne existing off-the-shelf units, build custom conponents for specialized mssion
requi renents, and test these mobility platfornms in various m ssion scenarios.
0 Assessnent of comercial and existing platforns for next generation force protection robotics
syst ens
o High speed vehicles
0 Low cost nobility

- (NAVI GATI ON and SENSOR | NTEGRATI ON) I nvestigate acquisition of vehicle systemspecific paraneters
for intelligent operations and integrate environnental data acquisition units to detect,
classify, and characterize environmental features for m ssion operations.
0 G obal Positioning System (GPS) / Inertial Navigation
0 Obstacle Detection and Recognition
o Stereo Vision
o Forward Looking Infrared (FLIR) and N ght Vision for teleportation
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- (COVMUNI CATI ON) Det erm ne communi cati ons requirenents for a network of nobile systens performng
a m ssion.

0 SMART comuni cati on
o0 Non-Line-of-Si ght Comrunication

- (MAN MACH NE | NTERFACE and CONTROL) Determ ne requirenents for user interface to nobile systens
and m ssion specific tools. |Inplenment both high and | owend user interfaces for nmultiple nobile
syst ens.

0 Robot to robot control (marsupial conmunication)
o Miltiple vehicle control
o Alternate control input (fiber optics)

- (I NTELLI GENCE) Determ ne the requirements for intelligent behaviors and inpl enent an expandi ng
intelligence systemin the nobile systens for mssion success. This area includes path planning,
navi gation, and intelligent behavior inplenmentation.

o Three-dinmensional (3D) path planning.

- (PAYLOAD DEVELOPMENT and | NTEGRATI ON) Devel op and integrate the tools needed to performthe
m ssion once the nmobility platformreaches the destination. Tools range froman articul at ed
robotic mani pulator armto a sinple device to gain entry into a buil di ng.

o Mani pul ation

o Witer-Jet Cutter

o Explosive Ordnance Di sposal tools (Explosively Driven Water Charge)
0 Laser Ordnance Neutralization System (LONS)

(U FY 2002 Pl ans

Research and devel op robotics systens to support Agile Conbat Support /Force Protection m ssions
(i.e. UXO Di sposal, WWD Threat Reduction, Structural Protection, Physical Security).

- Advanced Mbility Research and Devel opnent System ( AMRADS)

- Next Ceneration EOD Robotic System

- Robots Support Environnental Security (ROSES)

- Next Ceneration Small Robotics System (Mark 1V repl acenent)

Devel op and apply advanced robotic technol ogies for integration onto existing and future unnmanned
system platforns in support of Agile Conbat Support /Force Protection mssions (i.e. UXO Disposal,
WWD Threat Reduction, Structural Protection, Physical Security).
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(MOBI LI TY) Examine existing off-the-shelf units, build custom conponents for specialized m ssion
requi renents, and test these mobility platfornms in various m ssion scenarios.

o Specialized / optimzed platfornms for next generation force protection robotics systens

o High speed vehicles

0 Low cost nobility

( NAVI GATI ON and SENSOR | NTEGRATI ON) I nvestigate acquisition of vehicle systemspecific paraneters
for intelligent operations and integrate environnental data acquisition units to detect,

classify, and characterize environmental features for m ssion operations.

0 G obal Positioning System (GPS) / Inertial Navigation

Scene-Based / Visual Navigation

nstacl e Detection and Recognition (ultrasonic sensors, |aser |ine scanner)

Stereo Vision

Forward Looking Infrared (FLIR) and Night Vision for tel eoperation

Aut o- mappi ng and dat abase nmappi ng/ nodel i ng

Oo0Oo0Oo0Oo

( COMMUNI CATI ON) Det erm ne conmuni cations requirenents for a network of nobile systens perform ng
a m ssion.

o SMART Conmuni cation

o Non-Line of Sight Communication

o Secure Conmmuni cation Schenes

( MAN/ MACHI NE | NTERFACE and CONTROL) Determ ne requirements for user interface to nobile systens
and m ssion specific tools. Inplenment both high- and | owend user interfaces for nultiple nobile
syst ens.

0 Robot to Robot Control (Marsupial Conmmunication)

o Miltiple vehicle control

0 Augnented Reality Interfaces

(I NTELLI GENCE) Determ ne the requirenents for intelligent behaviors and i npl ement an expandi ng
intelligence systemin the nobile systens for mssion success. This area includes path planning,
navi gati on, and intelligent behavior inplenentation

o Three-dinmensional (3D) path planning

0 Robotic Cooperative Behavi or
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- (PAYLOAD DEVELOPMENT and | NTEGRATI ON) The tools to performthe mssion once the mobility platform
reaches the destination. Tools range froman articul ated robotic mani pulator armto a sinple
device to gain entry into a building.

o Mani pul ation

| nspection Sensors

Expl osi ve Ordnance Di sposal Tools (Explosively Driven Water Charge)

Laser Ordnance Neutralization System (LONS)

Directed Energy Access System

Projectile Neutralization

O O0OO0OO0Oo

B. O her Program Fundi ng Sumary

The United States Air Force (USAF), Headquarters Air Conmbat Command (ACC) has programed 3600 funding
to support Advanced Research and Devel opnent (R&D) and Engi neeri ng, Manufacturing, and Devel oprent
(EMD) for advanced force robotic systens designed under the RACS program In addition, ACC has
programed 3080 funding for the procurenent, fielding, and sustai nment of advanced force robotic
systens/technol ogi es devel oped under the RACS program

FYO1 FY02
3600(64617) 0. 200 1.700
3080(28028) 3. 800 6. 200

C. Acquisition Strategy

Technol ogi es devel oped under the RACS programare transitioned to the Airbase Systenms Program O fice
(AFMC AAC/ WMD) for acquisition and procurenment. In addition some technologies are transitioned to
exi sting prograns both on Air Force Platforns as well as joint service and ot her DoD pl atforns.
Transfer of dual -use technol ogies (both mlitary and comercial use) to industry has al so been
acconpl i shed on several RACS initiatives and continues to be a valid alternative for technol ogy uses.
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Exhibit R-3 Cost Analysis (page 1) Date: [June 2001
DEFENSE-WIDE Program Element FTUV

BUDGET ACTIVITY PE 0603709D8Z
Cost Categories Contract Performing Total 2001 2001 2002 2002 Cost To Total Target
(Tailor to WBS, or System/Item Method &  |Activity & 2000 Cost Award Cost Award Complete |Cost Value of
Requirements) Type Location Cost Date Date Contract
Primary Hardware Devel opment 0. 598
Ancilliary Hardware Devel opment 0. 150
Systems Engineering 0. 150
Liscenses
tooling
GFE
Award Fees

Subtotal Product Devel opment 0. 898
Remarks:
Devel opment Support 0. 300
Software Development 0. 200
Training Development 0. 200
Integrated Logistics Support 0. 050
Configuration Management 0. 050
Technical Data 0. 050
GFE

Subtotal Support 0. 850

Remarks:
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Exhibit R-3 Cost Analysis (page 2) Date: [June 2001
DEFENSE-WIDE Program Element FTUV
BUDGET ACTIVITY PE 0603709D8Z
Cost Categories Contract Performing Total 2001 2001 2002 2002 Cost To Total Target
(Tailor to WBS, or System/Item Method &  [Activity & 2000 Cost Award Cost Award Complete |Cost Value of
Requirements) Type Location Cost Date Date Contract
DT 0. 400
IOT&E 0. 200
User Appraisa
Subtotal T& E 0. 600

Remarks:
Contractor Engineering Support 0. 169
Government Engineering Support 0. 100
Program Management Support 0. 050
Program Management Personnel 0. 100
Travel 0. 050
Labor (Research Personnel) 0. 100
Miscellaneous 0. 250

Subtotal Management 0. 819
Remarks:
Total Cost 3. 167
Remarks:
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